Objective: Hypoalbuminemia is common in heart failure (HF), especially in elderly patients. It is associated with an increased risk of death. The present study sought to examine the prognostic significance of serum albumin level in the prediction of long-term mortality in patients admitted for acute HF. Methods and results: We examined the association between albumin and hospital mortality in a cohort of 509 patients admitted for acute HF. None of the patients had infectious disease, severe arrhythmias (atrial fibrillation, ventricular tachycardia, ventricular fibrillation), required invasive ventilation or presented with acute coronary syndrome or primary valvular disease. Sixty-nine patients (14%) died during the 1-year follow-up. With multivariable analysis, haemoglobin level (p ¼ .003), systolic blood pressure (p ¼ .004) and serum albumin level (p ¼ .003) emerged as independent predictors of long-term mortality. Hypoalbuminemia (<35.7 g/L) had a hazard ratio of 2.01 (95% CI 1.24-3.25) and haemoglobin of 2.6 (95% CI 1.29-5.22) for predicting long-term mortality. Conclusions: Serum albumin level measured at admission, especially if combined with anaemia, can serve as a simple prognostic factor in acute HF for predicting long-term outcome.
Introduction
Acute heart failure (HF) is a growing medical problem associated with major morbidity and mortality [1] . Options for the management of these patients remain limited with high in-hospital mortality rates. Accurate individual risk stratification can thus help physicians to choose the intensity of care needed and promote tailored medical decision-making [2] .
Hypoalbuminemia is common in patients with HF [3] , especially in the elderly likely in relation with the increasing rate of frailty [4] . In HF, hypoalbuminemia may be a marker of comorbidity burden, inflammatory state, malnutrition, and cachexia [5] . Low serum albumin levels are associated with increased risk of HF onset and progression. Indeed, hypoalbuminemia may promote pulmonary congestion, [6] myocardial oedema and subsequent worsening of myocardial dysfunction, [7] diuretic resistance and fluid retention, [8] and a decrease in antioxidant functions and antiinflammatory properties [9] . Several authors have demonstrated an association between low serum albumin and increased cardiovascular morbidity and mortality in patients with chronic HF [4, [10] [11] [12] . Conversely, very few studies have examined the impact of hypoalbuminemia in the acute HF setting [12, 13] . In elderly patients (>80 years) [14, 15] and nonagenarians [16] with acute HF, severe hypoalbuminemia represents a potential predictor of adverse in-hospital outcome [17] [18] [19] [20] . To our knowledge, the clinical relevance of hypoalbuminemia has not yet been fully evaluated in this clinical setting. The aim of the present study was to examine the prognostic significance of serum albumin level in the prediction of long-term outcome of patients admitted for acute non-ischaemic HF in a Belgian community hospital.
Methods

Population
The present study collected detailed hospitalisation data from computerised medical records of patients presenting with acute HF at CHU of Li ege, Belgium, between 2010 and 2012. Patients (n ¼ 1611) were eligible for the first round of selection if they were >18 years of age, had a suspected diagnosis of HF and were alive 24-36 h after admission. After the second round of selection, 899 patients with 1 following criteria were disqualified: respiratory support, cardiogenic shock, acute coronary syndrome, inotropic support, primary valvular heart disease, permanent pacemaker pacing, severe arrhythmias (atrial fibrillation, ventricular tachycardia, ventricular fibrillation), infectious/ inflammatory disease (C-reactive protein >10 mg/L), end-stage renal failure requiring dialysis, cancer. At the end of the selection process, we kept 509 patients with a measure of serum albumin level and long-term follow-up available. The study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki as reflected in a priori approval by the institution's human research committee.
Data collection
The following clinical entry data were abstracted from hospital records: demographic information, the use of beta-blocker or angiotensin-converting enzyme (ACE) inhibitor at admission, medical history, prior myocardial infarction, prior HF hospitalisation, laboratory findings (haemoglobin, sodium, creatinine, NT-proBNP and albumin), heart rate, blood pressure, left ventricular ejection fraction. Serum albumin levels were analysed using a bromocresol purple dye-binding method. The in-house reference range for this albumin assay is 38-49 g/L, with a total imprecision <2.5%. All other blood tests were performed using standard routine techniques. The study population and method were described previously as the in-hospital outcome [17] .
Statistical methods
Data are reported as mean ± SD for continuous variables or percentages of patients for categorical variables. Quantitative variables were tested for distribution normality with the Shapiro-Wilk test. Group comparisons for categorical variables were obtained by a chi-square test and for continuous variables with Mann-Whitney-Wilcoxon test as they were not normally distributed. These groups were defined following two criteria, used in two distinct analyses: first, based on mortality and secondly, based on the appearance of a recurrent heart failure event during follow-up. Hazard ratios of the multiple Cox-regressions were log-transformed and results of these analyses were pooled following Rubin's rules with the 'Hmisc' and 'rms' R-packages (Harrel FE, Regression modelling strategies). Survival curves were computed based on the Kaplan-Meier method using the tertiles boundaries for albumin, haemoglobin and arterial systolic blood pressure. We also classified the patients into four categories considering that their albumin and haemoglobin values were above\below the thresholds used in Kaplan-Meier curves. We compared the proportion of dead patients in these four categories using a Fisher's exact test and corrected our p-values for multiple testing following Holm's method. All statistical analyses were performed with R version 3.2.0 (R Foundation for Statistical Computing, Vienna, Austria). A p-value <.05 was considered statistically significant.
Results
Patients' characteristics
Among the 509 patients included (72 ± 12 years, 58% of male), 48% had hypertension, 19% were diabetics, 19% previously experienced myocardial infarction, 42% had ischaemic heart disease and 45% had prior heart failure diagnosis (Table 1) . Left ventricular systolic dysfunction (ejection fraction <40) was identified in 227 (45%) patients. Angiotensin-converting enzyme (ACE)-inhibitor and beta-blocker were taken at the time of admission by 170 and 186 patients, respectively.
Outcome data
During follow-up, 69 patients (14%) died and 103 (20%) developed a new heart failure event. The comparison of survivors and non-survivors are reported in Table 1 . Patients who died had significantly lower albumin level (p ¼ .0003), haemoglobin (p ¼ .0004) and haematocrit levels (p ¼ .006) and arterial systolic (p ¼ .001) and diastolic blood pressure (p ¼ .006). Medical treatment was similar between groups. Similar data were observed in patients with recurrent heart failure, though these patients were younger (p ¼ .03) than those with uneventful. On the contrary, the albumin (p ¼ .49), haemoglobin (p ¼ .35) and haematocrit (p ¼ .48) levels were similar in patients with or without recurrent heart failure.
Predictors of long-term mortality
Based on backward selection applied to the Coxregression model for mortality (including age, albumin and haemoglobin levels, arterial systolic and diastolic blood pressure, creatinine, and NT-proBNP levels), albumin level (p ¼ .003), haemoglobin level (p ¼ .003) and arterial systolic blood pressure (p ¼ .004) had significant prognostic effects on mortality ( Table 2 ). In the multivariable cox-regression analysis described in Table 2 , the adjusted hazard ratios (HR) for mortality were 1.09 (95% CI: 1.03-1.15) and 1.21 (95% CI: 1.07-1.37) for a decrease of 1 g/L of either albumin or haemoglobin value, respectively. Adjusted HR for mortality was 1.02 (95% CI: 1.01-1.04) per decrease of 1 mmHg in arterial systolic blood pressure. Figure 1 shows the Kaplan-Meier curves for albumin (A), haemoglobin (B) and arterial systolic blood pressure (C) using the tertiles boundaries as the threshold for classification of the subpopulations as this improved the distinction between classes according to the Log-rank tests (Figure 1 ). The remaining survival probabilities showed that patients with 35.7 g\L of albumin as well as those with 12.1 g\dL of haemoglobin at admission time had a better outcome than the others. In a lesser extent, having an arterial systolic blood pressure 120 mmHg was also associated with a better prognosis.
The only variable for which we found a prognostic effect for heart failure recurrence was the arterial systolic blood pressure (p ¼ .006, data not shown) (according to backward selection on a Cox-regression model including arterial systolic and diastolic blood pressure, history of myocardial infraction or cardiac decompensation, ejection fraction, cholesterol level and age).
Prognostic effect of albumin and haemoglobin level
In a Cox-regression model adjusted for arterial systolic blood pressure, we tested the effect of having an albumin level <35.7 g\L or a haemoglobin level <12.1 g\dL on mortality during follow-up (Table 3) . Adjusted HRs were 2.01 (95% CI: 1.24-3.25) and 2.6 (95% CI: 1.29-5.22) for patients with an albumin level <35.7 g\L or haemoglobin level <12.1 g\dL, respectively
We then assessed our 509 individuals to four categories based on their albumin and haemoglobin level Table 4 and Figure 2 . We found that the risk of mortality was significantly different between category 1 and 4 (p cat1-4 =0.001) and between category 1 and 2 (p cat1-2 =0.01). So, a significant increase in mortality was observed in categories, which are defined by the haemoglobin level <12.1 g\L. Indeed, the proportion of deaths was similar between category 1 and 3 although the third category is defined by a drop in albumin level (albumin <35.7 g\L, haemoglobin 12.1 g\dL).
Discussion
Our data demonstrate that hypoalbuminemia is not only common in patients with acute HF but predicts long-term outcome. Low serum albumin level is associated with significantly increased all-cause mortality but not with recurrent heart failure. Decreased haemoglobin level and systolic blood pressure were additional predictive factors. 
Long-term outcome predictors in acute HF
Several clinical (older age, severe symptoms, systolic blood pressure) and biochemical (blood urea nitrogen, serum creatinine and natriuretic peptides) markers have been recently proposed for screening at presentation patients with acute HF syndromes at risk for inhospital death and long-term outcome. Recently, we, as others, reported that hypoalbuminemia represents a simplistic factor associated with an increased risk of in-hospital mortality. Hypoalbuminemia is a marker of ageing, malnutrition and inflammation, and more broadly of cachexia related to the severity and chronicity of HF. In the acute HF setting, fluid retention, increased vascular permeability, impaired liver synthesis and renal losses may also contribute to further decrease in serum albumin level. We already showed that in the setting of acute HF, lower levels of albumin were related to ageing, lower haemoglobin (multifactorial cause) and cholesterol (malnutrition/inflammation) levels, impaired renal and hepatic function, lower rate of beta-blockers and ACE inhibitors use.
In the present study, we examined the long-term outcome of our series of patients admitted for acute HF and showed a 14% 1-year mortality rate close to previous registries with similar rate of comorbidities [18] [19] [20] [21] [22] [23] [24] . Hypoalbuminemia, anaemia and lower systolic blood pressure at admission, all three reflecting different pathophysiologic aspects of HF emerged as independent predictors of long-term mortality. Albumin has already been suggested as a potential predictor of short-term mortality in other studies, but often embedded in complex nutrition scores [18, 19] . The presence of hypoalbuminemia reflects an advanced disease process with significant metabolic repercussions, even in the acute setting phase. The long-term survival of patients with low serum albumin levels (<35.7 g\L) was markedly decreased. The risk of deaths was multiplied by about 2 and even by 4 in the higher tertile. Noteworthy, this threshold was similar to the one reported in the CONUT and the GNRI scores [18, 19] .
Anaemia is a common comorbidity in HF, which is associated with more symptoms, increased rate of hospitalisation and increased mortality [1] . The aetiology of anaemia is multifactorial, complex, and varies between patients. In HF, anaemia is considered to develop due to a complex interaction of iron deficiency, kidney disease and cytokine production, although micronutrient insufficiency and blood loss may also contribute [25, 26] . All these factors are almost those associated with decreased serum albumin levels. In our study, a level of haemoglobin <12.1 g/dL, defining anaemia, represented an independent risk factor associated with increased longterm mortality. Interestingly, when anaemia was combined with hypoalbuminemia, patients displayed the lowest survival rates.
Lower systolic blood pressure was also pointed out to increase decrease the long-term survival, confirming previous observations. Post-hoc analysis of PARADIGM-HF study demonstrated increased mortality and cardiovascular events in patients with the lowest blood pressure levels [27] . Lower blood pressure is considered as a sign of a more severe illness. In HF, the severity of the disease can be extrapolated by measuring the drug dosage (ACE, Beta-blocker) that patients are able to tolerate. The less they tolerate the treatments, the worse their prognosis. Recent works have shown that patients who tolerate less than 50% of the recommended doses of ACE-inhibitors or beta-blockers have an increased risk of death and hospitalisation for HF [28] .
Clinical implications
Anaemia and hypoalbuminemia are simple, easily accessible and inexpensive prognostic factors in patients with acute HF. Their outcome impact is far beyond the acute stage, being able to predict the long-term mortality. Then, patients with low serum albumin levels or anaemia should receive more aggressive therapeutic support while targeting their causes. Although the precise cut-off to define anaemia in HF has mostly been arbitrary, its management has recently been well codified [1] . The use of intravenous iron has been shown to be associated with significant improvements in maximal exercise capacity and is accompanied by improved symptoms [29] .
On the contrary, the management of patients with low serum albumin levels is far from well established. The European recommendations clearly describe the concepts of sarcopenia or cardiac cachexia but do not offer special care because of the lack of evidence on this matter [1] . Nutritional interventions in hospitalised patients remain complex. A recent Cochrane review found no clear benefit of nutritional care for patients hospitalised with HF [30] . The populations and interventions studied were, however, very heterogeneous. The randomised PICNIC study demonstrated that a personalised and prolonged intervention reduced the risk of death and hospitalisation for HF [31] . These data, although based on a small population, should encourage intensifying the nutritional management of patients with HF both during the hospital stay and during the follow-up.
Limitations
Our study has several limitations related to its retrospective nature that are worth noting. They do not pertain to all patients presenting with acute HF. Anthropometric data (weight, height, and body mass index), white blood cell components (neutrophils, lymphocytes, monocytes), nutritional status, and information about the use of additional HF treatment (mineralocorticoid receptor antagonist) were missing. However, the hyperhydration state of our HF patients makes the interpretation of anthropometric measurements very difficult. Specific inflammatory biomarkers (high sensitivity C-reactive protein, interleukins, tumour necrosis factor-a) were also not available. The potential association between albumin level and inflammatory status needs additional exploration. Before 2012, NT-proBNP was not routinely measured, resulting in small number of patients with these data available. NT-proBNP was then not included in the multivariable model. This low rate of NT-proBNP assay is found in Chan's retrospective study conducted at the same time [21] . The prognostic impact of albumin in these patients remains to be determined in further studies.
Conclusions
In acute HF, hypoalbuminemia is associated with lower long-term survival rate, especially when combined with anaemia and low systolic blood pressure. These data determine a profile of patients at higher risk who need to be treated more aggressively during the acute stage. They might require a closer follow-up. Our data need to be confirmed prospectively and merit further investigations.
